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IMPROVED SYNTHESIS OF METAL-CHALCOGENIDE NANOP ARTICLES 

BRIEF DESCRIPTION OF THE FIGURES 
[0001] FIG. 1 displays the X-ray powder patterns of CdSe nanoparticles prepared at 
200°C. The abbreviation s-CdSe stands for the wurzite form; zb-CdSe is the zinc blend form. 
[0002] FIG. 2 shows the UV-Vis absorption and emission spectra of CdSe nanoparticles 
prepared at 60°C for five hours. 

[0003] FIG. 3 shows the emission spectra of CdSe nanoparticles prepared at 60° C for 
three days. 

[0004 ] FIG. 4 shows the poor emission characteristics of CdSe nanoparticles prepared at 
200°C for three days. 

[0005] FIG. 5 displays two color photos of beakers with the CdSe samples and a third 
figure with photoluminescence (emission). 

[0006] FIG. 6 displays TEM images of CdSe nanoparticles prepared at 200°C. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[0007] The new preparative method uses boron selenides and sulfides as the source of 
selenium and sulfur in preparation of metal-chalcogenide nanoparticles in solution. The typical 
materials that can be prepared include but are not limited to CdSe, CdS, PbSe, PbS, ZnSe, ZnS, 
to name a few. The method is particularly advantageous for selenides, because the earlier 
methods (Joo, J. et al, J Amer Chem Soc 2003, 125:11 100, "Generalized and Facile Synthesis of 
Semiconducting Metal Sulfide Nanocrystals;" Peng, X. et al, Patent Publication WO 
2003050329, "High Quality Colloidal Nanocrystals and Methods of Preparation of the Same in 
Non-Coordinating Solvents;" Li, J. et al, J Amer Chem Soc 2003, in press, "Large-Scale 
Synthesis of Nearly Monodisperse CdSe/CdS Core/shell Nanocrystals Using Air Stable Reagents 
Via Successive Ion") require a high temperature (>250°C for selenides and >140°C for sulfides) 
to dissolve selenium in the reaction medium. Boron selenides readily dissolve in many solvents 
including amines, and hence the reaction temperature can be lowered significantly (~60°C) as 
found in the following experiment The reaction temperature may be as low as room temperature 
and may even exceed the boiling point of the solvent. Preferably, the reaction mixture 
temperature is between about 40°C and about 130°C, more preferably between about 50°C and 
about 1 10°C, and more preferably between about 55°C and about 55°C and about 90°C. . 
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[0008] The much lower temperature should have great advantages over the previously 
known methods in that we can choose various solvents (even those with functional groups) and 
metal sources that are not stable or do now show desirable coordinating behavior at higher 
temperatures. The mixing of sulfur and selenium in the product particles is expected to be much 
easier than in the known methods. Thus the method is quite convenient. This method can be 
scaled up very easily. . 

[0009] This new low-temperature preparation method for boron chalcogenides should 
work with various heating methods such as microwave heating. By controlling the power and 
duration period of microwave applied to the reaction container, we may be able to control the 
local reaction temperature (from about room temperature to the temperature above the boiling 
point of the solvent) and hence control the growth and crystallinity of the nanostructured 
materials. Other viable heating methods include but are not limited to ultrasonication 
(sonochemistry) and irradiation by other kinds of electromagnetic radiation (for example, 
infrared and UV-vis, s-ray and electron beam). 

[0010] Uses of these nanoparticles include solar cell materials, nano-sensors, bio-probes, 
components in nano-electronic devices,.optical materials and magneto-optical materials. 

[0011] The new method has been proven to be successful in the preparation of photo- 
luminescent CdSe nanoparticles as shown in the following example and figures. 

Example , 1 

[0012] The reaction scheme is as follows: 

B 2 Se 3 + 9RNH 2 -> 2B(NHR) 3 + 3HSe- + 3RNH 3 + 
' CdCl 2 + 4R^fH 2 — > [Cd(NH 2 R) 4 ] 2+ + 2C1" 
[Cd(NH 2 R) 4 ] 2+ + HSe- -> CdSe + RNH 3 + + 3RNH 2 
E.g.: RNH 2 = CH 3 (CH 2 ) 7 CH=CH(CH 2 ) 7 CH 2 NH 2 : Oleyl amine 

[0013] First, boron selenide (B 2 Se 3 ) was synthesized by heating a stoichiometric mixture 
of boron and selenium in a carbon-coated and evacuated silica tube. The product was transferred 
to a nitrogen-gas-filled glove box. CdCl 2 , a cadmium source, was dissolved in an oleyl amine 
solution Ctechnical grade) at 90°C. Separately, boron selenide was dissolved in an oleyl amine 
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solution at 90°C. These two solutions were cooled to room temperature, and the solutions 
remained clear, with no sign of precipitate. The two solutions were mixed at room temperature 
at a proper volume ratio to provide the correct stoichiometry for the target product, and the 
mixed solution remained clear. The solution mixture was taken from the glove box in a closed 
flask, was placed in a heating mantle and was heated gradually to 60°C, at which the solution 
changed its color suddenly, which indicated the initiation of nucleation. At 60°C, the growth of 
the particles are much slower (on the order of hours) and more controllable, which is 
advantageous over the earlier methods in which the particles fully form within several minutes. 
Thus, there is more controllable quenching of the growth and higher product yield. The reaction 
was quenched after desired periods of time (30 minutes, 5 hour, overnight and three days), and 
the flask was opened in air. An appropriate portion of ethanol was added to the product solution 
to flocculate and to precipitate the CdSe nanoparticles. After purification, the nanoparticles 
could be redispersed in cyclohexane. The x-ray powder diffraction patterns indicated pure zinc- 
blend type CdSe structure. The nanoparticles prepared at 200°C also are very small (6-10 nm). 
In addition, heating may be performed by microwave. 

[0014] Additional experimental details and results are shown in the attached 
notebook pages* 
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What is claimed is: 

1. A method of synthesizing metal chalcogenide particles, said method comprising 
the steps of: 

a) providing a solution of a metal selenide; 

b) providing CdCk in an oleyl amine solution; 

c) mixing the metal selenides solution with the CdCb solution in the proper 
stoichiometric ratio to form a mixture solution at room temperature; 

d) gradually heating the mixture solution to about 60°C and incubating the solution 
for a sufficient time for metal chalcogenide nanoparticles to form. 
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